Motivated by the recent excess in the diphoton invariant mass near 750 GeV, we explore a supersymmetric extension of the Standard Model that includes the minimal set of superpartners as well as additional Dirac partner chiral superfields in the adjoint representation for each gauge group. The bino partner pseudoscalar is identified as the 750 GeV resonance, while superpotential interactions between it and the gluino (wino) partners yield production via gluon fusion (decay to photon pairs) at one-loop. The gauginos and these additional adjoint superpartners are married by a Dirac mass and must also have Majorana masses. While a large wino partner Majorana mass is necessary to explain the excess, the gluino can be approximately Dirac-like, providing benefits consistent with being both "supersoft" (loop corrections to the scalar masses from Dirac gauginos are free of logarithmic enhancements) and "supersafe" (the experimental limits on the squark/gluino masses can be relaxed due to the reduced production rate). Consistency with the measured Standard Model-like Higgs boson mass is imposed, and a numerical exploration of the parameter space is provided. Models that can account for the diphoton excess are additionally characterized by having couplings that can remain perturbative up to very high scales, while remaining consistent with experimental constraints, the Higgs boson mass, and an electroweak scale which is not excessively fine-tuned. 
I. Introduction
LHC run II is upon us. The first round of results has already yielded a tantalizing hint of new physics, which has first appeared as an excess in the diphoton invariant mass distribution at ∼ 750 GeV. In this paper, we explore the possibility that this hint could be the first manifestation of a larger supersymmetric structure that yields a natural electroweak scale while accommodating a Standard Model-like Higgs boson at 125 GeV. Specifically, the focus here will be on minimal models with Dirac gauginos -the requisite Dirac partner states will provide the ingredients necessary to explain the diphoton excess.
The largest excess is due to the 13 TeV ATLAS data set (3.9σ local) [1, 2] , which is only in mild tension with the lack of an observation by ATLAS at 8 TeV [3, 4] . There is a smaller complimentary excess in the 13 TeV CMS data (2.9σ local) [5, 6] , which grows to 3.4σ local when combined with their 8 TeV data [6] [7] [8] . A statistical combination of all these results (performed external to either collaboration) yields 4σ local, with a best fit cross section of σ × BR γγ 3.8 fb at 750 GeV [9, 10] , see also [11] [12] [13] [14] [15] [16] [17] [18] [19] which discuss interpretations of the data. While there is a hint that the excess is quite wide, we will assume that the narrow width approximation is appropriate for the rest of this paper. Fortunately, more data is on the way, and so the experimental status will evolve dramatically over the next few years. In anticipation of this update, it is interesting to explore concrete scenarios that allow us to investigate how plausible such a signal is in a given model.
There have been a staggering number of papers probing this question, 1 see [21] for a summary of many of the proposed models in the context of a toolkit to explore their predictions. Many authors have chosen to take a phenomenologically motivated approach by introducing a variety of states whose sole purpose is to provide the 750 GeV state itself, a coupling to either quarks or gluons, and a coupling to photons. In the simplest scenarios, the excess results from a scalar or pseudoscalar decaying to a pair of photons. This new particle cannot carry electric charge implying that its coupling to photons must be due to a higher dimensional operator. One simple mechanism is to induce this operator via loops involving additional beyond the Standard Model states. The model building becomes less trivial, and one or more of the following is required: large couplings, many states running in the loop, and/or large electric charges for these new states. Theories of these types do not have to result from a UV biased approach to model building, although there is a growing literature of models which are concerned with incorporating the new states in the context of supersymmetry (SUSY) , and consistency of the models to high energies by studying their renormalization group evolution [31, 32, 40, 41, [45] [46] [47] [48] [49] [50] [51] .
In this paper, we will explore the connection between the diphoton excess and the extension of the Minimal Supersymmetric Standard Model (MSSM) with Dirac gauginos [52] .
This class of supersymmetric models continues to survive experimental constraints while achieving a natural electroweak scale, for some recent developments see [53] [54] [55] [56] [57] . This persistence is due to two effects known as supersoft [52] and supersafe [58] . The first refers to a property of the renormalization group equations (RGEs) for Dirac gaugino masses which can be understood as resulting from a certain class of spurions. In the absence of Majorana masses for the gauginos, the gauge corrections to the scalar soft-mass spectrum are all finite.
Thus there are no logarithmically enhanced corrections to scalar masses, which allows the gaugino masses to be rather heavy without fine-tuning. The second feature of these models is that heavier Dirac gluinos imply a substantially suppressed production cross section of squarks at the LHC due to the absence of t-channel diagrams with a Majorana mass insertion on the internal gluino line. Therefore LHC bounds on superpartners in these models still leave a natural parameter space open for experimental exploration. For a study of how these conclusions change in the presence of both Dirac and Majorana masses for the gluinos, which is relevant for the parameter space explored below, see [59] . Given these features and their relation to electroweak naturalness, it is interesting to understand if models with Dirac gauginos could explain the diphoton excess.
Constructing the model requires extending the matter content of the MSSM to include an additional adjoint chiral superfield for each gauge group, along with a SUSY breaking Dirac mass term that marries these new adjoints to the gauginos. The chiral adjoints provide candidates for the new resonance, along with additional states to run in the loop and generate the higher dimension couplings to gluons and photons. Specifically, the (pseudo)scalar of the bino partner is a candidate 750 GeV state, while a superpotential coupling between it and the SU (3) c octet [SU (2) L triplet] yields the loop induced coupling to gluons [photons] .
Explaining the excess will motivate relatively large values for these couplings. As explained below, these operators require that the states be split away from the exact Dirac limit.
In the spirit of including all possible allowed operators that could be relevant to the diphoton phenomenology, we also will include a coupling between the bino partner and the Higgs superfields, which is analogous to the Next-to-Minimal Supersymmetric Standard
Model (NMSSM) superpotential, along with one involving the wino partner and the Higgses.
These will both lead to additional contributions to the Higgs quartic; compatibility with a 125 GeV Higgs boson will yield important constraints on the parameter space. We will also verify that the model is under perturbative control, and will emphasize regions of parameter space that can approach the Planck scale before becoming strongly coupled. It is worth noting that the gauge couplings do not unify without additional matter. Addressing this is beyond the scope of this work, and should decouple from the phenomenology of interest here beyond the potential impact on the scale of the Landau poles. Combining the diphoton excess, the Higgs mass, naturalness and experimental constraints will point to a region of parameter space that predicts additional superpartners, some of which could be accessible at the LHC, and all are within reach of proposed future colliders [60] [61] [62] [63] [64] [65] . If the diphoton excess is the first sign of beyond the Standard Model physics, then a rich program involving the discovery of many additional states should follow.
The rest of this paper is organized as follows. In the next section we introduce the details of the model and provide a qualitative discussion of the relevant processes. Then Sec. III
gives the detailed numerical analysis of the parameter space. Conclusions are then given in Sec. IV, and some technical details are given in the Appendix.
II. The Model
We introduce the details of the model. The matter content includes that of the MSSM as well as an adjoint partner superfield for each of the gauge multiplets: S, a singlet of U (1) Y ;
T , a triplet of SU (2) L ; and O, an octet of SU (3) c . We do not include the additional inert
Higgsinos needed for a U (1) R -symmetric model [66] . We write the component fields as:
The pseudoscalar A B is identified as the 750 GeV resonance. 2 The octet fermions will generate a one-loop coupling between A B and the gluons, while the charged Higgsinos and charged triplet fermions will generate a one-loop coupling between A B and the photons.
The full Lagrangian is
where L kin are the kinetic terms for all the fields in the model (including the gauge interactions via covariant derivatives), L Dirac and L Maj are the Dirac and Majorana gaugino masses respectively, W is the superpotential containing all allowed renormalizable couplings, and L soft contains all the scalar soft masses, A-and B-terms (for the sake of brevity, we will not explicitly write down this part of the Lagrangian). In detail, the Dirac masses for the 2 We use A B to denote the pseudoscalar of the S chiral superfield to remind the reader that S is the partner superfield of the bino, as opposed to the singlet of the NMSSM.
gauginos are contained in
where W α = θ α D is the spurion that yields the Dirac mass, and the scales Λ a are the UV scale where these terms are generated. Then we will denote the Dirac mass parameters as
We also include Majorana mass terms for the gauginos given by
where X = F θ 2 is another SUSY breaking spurion, and the Λ i are the UV scale where these terms are generated. We will use the standard notation for the Majorana gaugino masses, M i with i = 1, 2, 3.
This is the supersoft model generalized to include Majorana masses. In addition, we include the most general renormalizable superpotential interactions:
where a = 1, 2, 3 for SU (2) L , b = 1 . . . 8 for SU (3) c , ζ S is the tadpole for S, M S , M T , and M O are the superpotential masses for the adjoint chiral superfields, λ SHH , λ ST T , λ SOO , and λ T HH , κ S , and κ O are all possible gauge-invariant Yukawa couplings, and W MSSM is the MSSM superpotential that includes the µ-term and the Standard Model Yukawa couplings.
The three Yukawa terms in the middle line are crucial for the diphoton phenomenology. The parameter λ SOO will determine the coupling between A B and the gluons, while λ ST T and λ SHH will determine the coupling between the A B and the photons. For simplicity, in the following we will set ζ S , κ S , and κ O to zero, since they play no role in the physics of interest.
It is in principle viable to have S ≡ v S and T ≡ v T be nonzero; in the following we will also assume these are negligible unless they are specifically mentioned. Note that the supersoft limit is when M
D i
M j for each set (i, {j})) = (S, {S, 1}), (T, {T, 2}), (O, {O, 3}).
A. Explaining the 750 GeV diphoton excess
There is an obvious (pseudo)scalar in this model that is a candidate resonance to explain the excess, namely the scalar component of the bino partner S S B + i A B . In principle, S B could explain the excess due to its trilinear couplings with scalar superpartners, see [24] .
However, the natural assumption is that there would be nontrivial mixing between S B and the Higgs, especially when the couplings are taken large enough to achieve the best fit cross section, leading to stringent constraints, both from requiring that S B → tt does not dominate and also that the measured Higgs properties are within errors. Therefore, we choose to focus our attention on A B as the candidate 750 GeV state and assume that S B is heavier.
The leading coupling between A B and the gauge bosons can be derived from general arguments. From the interactions of the neutral pion in QCD, as well as the interactions of the CP-odd Higgs boson in supersymmetry [67] , it is well known that that integrating out heavy fermions of mass M f that interact with a pseudoscalar yield effective interactions with gauge bosons at dimension-5:
where F µν is the U (1) Y field strength, W µν is the SU (2) L field strength, G µν is the SU (3) c field strength, a = 1, 2, 3, b = 1 . . . 8, s W (c W ) are the sine (cosine) of the weak mixing angle, and the coefficients C G (f ) are determined from the anomaly and are given in Eq. (9) below; see [68] [69] [70] [71] [72] [73] for examples that yield 750 GeV diphotons from these operators. The coefficients are determined by both the superpotential couplings, Eq. (6), along with the axial transformation properties of the fermion fields Ψ f (ψ f ) in Dirac (Weyl) notation:
Using the fact that the matrix element involving the gauge bosons g µ and the axial current g g|∂ µ J 5µ |0 vanishes as the gauge boson energy goes to zero, the matrix element g g| f i M f ψ f ψ f + h.c.|0 can be related directly to the anomaly terms in Eq. for an s-channel A B . To understand the size of the contribution, we will first consider a simplified model with a pure color octet fermion ψ O . Both this state and the gluino must be heavy to avoid direct search bounds. Once ψ O is sufficiently heavier than the pseudoscalar,
can be integrated out generating the gluon anomaly coefficient,
where the number of colors N c arises from the Dynkin index of the octet. Using this coupling to calculate the width into gluons, we obtain the same result as the explicit loop calculation given in Eq. (A11) from Appendix A. In fact, the effective operator limit is reached relatively quickly, as the squared loop function given in Eq. (A10) that enters the width, |τ f (τ )| We have both Dirac and Majorana masses producing gluino mass eigenstates g 1,2 which are a mixture of λ g and ψ O with mixing angle θg [59] :
When both gluinos are at least moderately heavy mg 1,2 m A B , the effective coupling of A B to gluons becomes
Note that this coefficient vanishes in the pure Dirac gluino case:
|Mg 1 | |Mg 2 | and cos θg sin θg 1/ √ 2. This is also clear in components since there is no coupling between A B and λ g . Using this expression for the couplings of the pseudoscalar to the gluons, we obtain
While this is a good approximation of the width into gluons, for completeness we use the full one-loop function from the Appendix in our numerical calculations.
For much of the viable parameter space, the width to gluons will dominate the total width of A B , implying that at least one gluino state cannot be arbitrarily decoupled, see GeV, even without slepton aided signatures. This places some constraint on the mass of the lightest neutralino; if it is heavier than ∼ 180 GeV, there are no bounds on the chargino mass [74] [75] [76] [77] . With the need of light charginos for the diphoton width, they are likely to be observable via direct searches for these states in future runs of the LHC. For more on supersymmetric triplets producing large diphoton rates, see [78] [79] [80] [81] [82] .
We also consider potentially important tree-level contributions to the width of A B . The 
where g Af f = cot β for tops and tan β for bottoms, G F is the Fermi constant, N c = 3 is the number of colors, m f is the fermion mass, and θ B0 is the mixing angle between A B and A 0 .
For consistency with the A B → γγ rate, we require that the partial width to gluons dominates, i.e., Γ(A B → tt + bb)/Γ(A B → g g) 0.1. The typical size of the gluon width is 10 −3 GeV, which implies a limit on the mixing θ 2 B0 10 −5 . In order to cast this in terms of a limit on the model parameters, we assume that the mixing is small such that the eaten Goldstone G 0 and the A 0 are mostly doublets. Then in the mass eigenstate basis for G 0 , A 0 , and A B , the mass mixing between A 0 and A B is
where A λ SHH is the A-term for the S H u H d scalars. As discussed above, we are working in the region of parameter space where v S and v T can be neglected. Given the expectation that A-terms are small in supersoft models, we can estimate the additional correction to this term expected from RGE running, where the β-functions were computed using the SARAH program [83] [84] [85] . Specifically, for reasonable benchmark values based on the results presented below (λ SHH = 0.3, M 2 ∼ few × TeV, and running down from 100 TeV), we find that A λ SHH ∼ few × 10 GeV. Therefore, the impact of these A-terms can be consistently neglected. Finally, the constraint on the irreducible contribution is
Given that naturalness considerations lead one to expect that m A 0 few × TeV; it is possible that A B decays to top or bottom quark pairs will be observable at the LHC.
These are all the effects that will be included in the numerics below in Sec. III. Next we discuss the Standard Model-like Higgs boson mass, followed by the Landau poles due to the presence of large superpotential couplings, and finally the detailed results demonstrating the most viable regions of parameter space.
III. Numerical Results
As discussed above, the Dirac gaugino extension of the MSSM has all the ingredients to in principle produce the 750 GeV diphoton excess. In this section, we will examine how well this model can do as a quantitative explanation. Given that the best fit σ × BR γγ 3.8 fb is somewhat larger than the typical expectation for a loop induced decay like the one we are relying on in this model (see Fig. 1 ), it will be imperative to investigate what size the couplings need to be. As we will discuss in the following subsection, compatibility with the Higgs mass provides one set of constraints. This will be followed by Sec. III B which is devoted to understanding the correlation between large couplings and the presence of Landau poles. We will end this section with a numerical exploration of the parameter space that is compatible with the diphoton excess.
A. The Standard Model-like Higgs boson mass
The Standard Model-like Higgs boson mass can be computed in this model:
where we have assumed the decoupling limit, m Z is the Z boson mass, ∆ of tree-level contribution implies a suppression.
One property of Dirac gaugino models is that the D-term contribution to the Higgs mass is zero in the limit that the bino and wino masses are exactly Dirac, implying that the physical Higgs lies along the D-flat direction i.e., tan β = 1. This is also the limit that enjoys the largest correction from the tree-level λ-dependent contribution to the physical Higgs mass as in Eq. (16) . However, as we will argue below (and realize explicitly in the numerical explorations of the parameter space), nontrivial Majorana masses for the wino are required to explain the diphoton excess. This implies that tan β 1 and so we include the SU (2) L × U (1) Y D-term contribution, and will investigate a range of values for tan β.
In There can also be significant higher order corrections to the Higgs mass coming from the couplings with the triplet and the singlet, ∆ 
B. Landau poles
In this section, we provide the correlation between the couplings evaluated at the TeV scale and the scale where Landau poles will appear using the low energy particle content of the model described in Sec. II. Using the SARAH program [83] [84] [85] , we have obtained the relevant β-functions for the couplings λ SHH , λ ST T , λ T HH , λ SOO , the gauge couplings, and the top Yukawa, see Appendix B for the explicit expressions. In order to explore the effects of the singlet-octet coupling, we choose three values for the λ SOO coupling, 0.3, 0.6, and 1.2.
As discussed above, we have fixed λ T HH = 0.3. The results are given in Fig. 3 , where we show contours of the approximate scale log 10 Λ Landau /GeV, where a Landau pole would appear in the λ SHH versus λ ST T plane.
This assumes no new particles appear between the TeV scale and this new scale that would impact the running of these couplings. Note that in minimal Dirac gaugino models, gauge unification is absent. However, additional particle content which would in principle have minimal impact on the RGE evolution of the superpotential couplings studied here can yield unification into e.g. SU (3)
3 [52] . Without the extra content, for a modest cutoff of 10 5 GeV, it is possible to realize λ ST T 2. This is in part due to the slightly larger SU (2) L Casimir for the triplet superfield. We also denote the region of the plot that is consistent with the Higgs mass, assuming the "very light stop" scenario with masses are around 400
GeV, or for the "light stop" scenario where their masses are around 750 GeV. It is clear that a larger value of λ SOO implies a lower cutoff. From the RGE point of view, it is also consistent to have a large value of λ SHH , however this is disfavored by the requirement of a 125 GeV Standard Model-like Higgs mass unless the stops are light. We will find below that it will be possible to generate the diphoton cross section for parameters in the "light" stop range and with Landau poles that approach the Planck scale.
C. Viable parameter space
Finally, we present the parameter space which is theoretically consistent and accommodates the 750 GeV diphoton excess. To see how the production cross section affects the signal, we performed detailed explorations of parameter space for a smaller (0.6) and larger (1.2) choice of the λ SOO coupling. For each of these, we then scan over values for the couplings responsible for the diphoton decay. We make a grid of λ ST T and λ SHH in the range [0, 2] with a step size of 0.2. As discussed above, we keep λ T HH fixed at 0.3.
For each grid point, models are generated using random values for the mass parameters 3 The signal cross section is computed in the narrow width approximation
where √ s is the center of mass energy and c gg = 2137 is the gluon partonic integral at √ s = 13 TeV [11] . The next-to-next-to-leading-order K-factor for the production of a 750 GeV pseudoscalar is K 3 [73, 114] . The partial width to gluons dominates the total width for the most viable regions of parameter space.
Taking naturalness as a guide, we are most interested in the region of parameter space where the supersoft and supersafe mechanisms are in effect. Specifically, naturalness favors a gluino mass which is dominated by the Dirac term. This need not be the case for the electroweakinos since their impact on naturalness is mild. Furthermore, the electroweak D-term contributions to the Higgs mass could be nontrivial if the bino and/or wino has a large Majorana mass. Therefore, we only require the gluino to be Dirac-like in the figures 3 To simplify the computation of the widths for γ Z, Z Z, and W + W − , we have taken the approximation that the chargino and neutralino couplings with the W and Z are vectorlike with a strength equal to the average of the actual left-and right-handed couplings. Over most of the relevant parameter space, the two couplings are within a few percent difference of each other.
presented below; this is imposed numerically by requiring that
. Each of the two grids was sampled originally for around 1200 core hours. Every model which had Dirac-like gluinos and had the lightest neutralino lighter than the lightest chargino was saved. The goal was to get a clear picture of the maximum signal obtainable at each point of the couplings in the parameter space. We then took the seeds from the scan and found the model with the largest signal rate at each point in the grid. Another sampling for a total of around 500 core hours was preformed on both of the grids, only allowing the mass parameters to drift ±25% of the values at the maximal point, while still maintaining the requirements of a Dirac gluino and neutralino lighter than the lightest chargino. When a signal rate larger than the previous maximum was found, that model became the new seed point. Figure 4 shows the contours of the signal rate obtained from this scanning method. In the white regions, the signal rate is always at least 2σ below the best fit region defined by [9] . The blue regions have a maximal signal which lies between the 1 and 2σ lower band of the best fit; the orange region's models have a maximum signal rate which is within 1σ of the best fit; the red region has models which can produce a signal larger than 1σ above the best fit -in this region of parameter space, there is more freedom to choose the masses while still being consistent with the signal. Note that the jaggedness of these contours is not physical, both because the grid size is relatively large (0.2), and that the maximum signal rates are found from random scanning. The left and right panels show the small and large values for λ SOO , respectively. As discussed earlier, this coupling affects the scale at which a Landau pole would appear. The contours (as before) show log 10 Λ Landau /GeV. We have again marked the regions of the plot consistent with the Higgs mass given the stop mass assumptions as before.
In addition, we have imposed two phenomenological constraints on the grids. First, we demand that the lightest gluino be heavier than 1.5 TeV, which is roughly consistent with 13 TeV gluino searches with decays to first and second generation squarks [115? ]. It is worth acknowledging some tension with the latest results from the LHC, as the Higgs mass constrains us to have light stops. However, there is likely some level of compression between the stops and the neutralinos/charginos, along with some level of boost for the final states, complicating the searches. A detailed recasting of the limits for this model is beyond the scope of this paper and left for further analysis. As such, we use 1.5 TeV as the benchmark cutoff for the lightest gluino and leave a full exploration of the allowed parameter space to future work. Second, we only consider model points not explicitly excluded by 13 TeV Z γ resonance searches [116, 117] . The ATLAS analysis had a downward fluctuation which makes their exclusion more powerful than CMS, and so we use the reported ATLAS constraint at 750 GeV to place a cut of σ × BR A B → Z γ > 25 fb. There is some tension in regions of 
FIG. 4:
The contours display log 10 of the scale at which a supersymmetric coupling becomes nonperturbative. The left (right) panel has λ SOO = 0.6 (λ SOO = 1.2). The blue area is capable of producing a signal rate within the 2σ best fit region defined by [9] . The orange region is capable of producing a signal within 1σ of the best-fit value. The red region can produce a signal that is larger than 1σ above the best fit signal, such that it is straightforward to find parameters which produce the observed rate. The purple boxes and green diamonds denote benchmarks that are studied in more detail in this section, the former are chosen to emphasize naturalness while the later have Landau poles which are postponed to near the GUT scale (and also have accompanying parameter space where the triplet charginos are responsible for the diphoton signal [73] , see the "Triplet" benchmark in Table I .
There is some difference in the shapes of the signal contours between the results in Fig. 4 for small (left) and large (right) λ SOO couplings. The main cause stems from the relative sizes of the electroweak decays. For reference, we provide some explicit benchmark parameter points in Table I . The first three, marked with green diamonds in Fig. 4 , postpone the Landau pole up to very high scales, while the last two, marked with purple squares in Fig. 4 ) emphasize postponing the Landau pole to very high scales, and are further characterized by the identity of the lightest charginos: Higgsino-, Mixed-, and Triplet-like. The two additional points (corresponding the purple squares in Fig. 4 ) are chosen to emphasize naturalness, and the subscript again refers to the identity of the lightest charginos. The coupling λ T HH = 0.3 for all model points. For reference, the best fit cross section is σ γγ 3.8 fb [9, 10] .
W and Z bosons as compared to the triplets, while the couplings between the charginos and photons are only set by the electric charges. Taken together, this yields some intuition for the trends seen in the Table. The triplets have larger partial widths to electroweak final states while their width into diphotons is effectively the same size as for the Higgsinos.
This translates into the physics underlying the two panels of Fig. 4 . When λ SOO = 0.6, the electroweak final states have an easier time dominating over the width to gluons. In order to achieve a large enough diphoton branching ratio requires a large coupling between A B and the charginos. Since the width of the other electroweak decays is much larger for triplets than the Higgsinos, the triplets require a larger coupling. For contrast, when the gluino coupling is large, the gluino contribution can easily dominate the total width. In this situation, the rate is set approximately only by the digluon and diphoton widths, causing the symmetric shape of the blue region in the right plot. As λ ST T or λ SHH are further increased, the electroweak decays again become important in determining the signal rate.
The three benchmark points examined so far are perturbative up to very large energy scales, at least 10 13 GeV and some as high as the GUT scale. However, a closer examination of the model parameters shows that there is some tension with naturalness considerations.
Despite having the Dirac mass for the gluinos larger than the other octet masses, large values of M 3 are still needed, which implies nontrivial corrections to the stop and Higgs soft mass parameters through the RGEs, and in addition the "Triplet" point has heavy
Higgsinos. This tension can be decreased by relying on larger values of the couplings to generate the signal at expense of a lower cutoff. For concreteness, we have also provided two additional benchmarks in Table I , where Natural T (Natural H ) are characterized by light tripletlike (Higgsino-like) charginos. These models are marked with the purple squares in Fig. 4 , and lie in the red regions which can overproduce the diphoton signal. Hence, we see that the gluinos can be made more Dirac-like, reducing the production cross section down to the observed value. Furthermore, accommodating a 125 GeV Higgs is correlated with light stops which is in line with the expectation for a natural spectrum. Note that Natural T has a relatively large µ-term, and this would dominate the tuning unless the naive tree-level relation between the Higgs mass squared parameter and the Higgsino mass were modified [118, 119] .
Finally, we show slices of the scan for fixed values of the couplings as a function of the mass of the lightest chargino or gluino in Fig. 5 . The couplings chosen again correspond to the green diamonds of Fig. 4 . Rather than do a scatter plot of the many models examined, we instead make a grid over the signal rate and the mass eigenstate, if a model falls with the grid point, it is filled in. Figure 5 shows the signal rate plotted against the lightest chargino mass in the top row, where the orange (blue) areas show the 1σ (2σ) bands. Note that these couplings emphasize a high scale Landau pole. All of the coupling choices are able
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1500 2000 2500 3000 3500 4000 region that is consistent with the diphoton excess [9] is shaded in orange (blue). We have fixed λ T HH = 0.3 in this figure. These points correspond to the green diamonds in Fig. 4 , and were chosen to realize models with a high scale Landau pole. Heavier masses that are compatible with the signal can be realized at the expense of a lower cutoff.
to generate a signal within 1σ of the best fit value, but they do need the charginos to be near threshold. It is therefore reasonable to expect that the lightest chargino in this model should be 500 GeV. While this does provide hope that the next run of the LHC could find the chargino, referring back to Table I, 
The interaction eigenstates can then be written in terms of the mass eigenstates using
The couplings of A B to the neutalinos is then given by
where
Next we do the same procedure for the charginos with the mass matrix in the
This mass eigenstates are found in the usual way
where U and V are defined to diagonalize the chargino mass matrix, yielding real, positive masses with
The couplings of the charginos to A B can then be written as
Having obtained the couplings, the decays to charginos or neutralinos are given by
where δ ij = 0 except for the case of identical Majorana neutralinos. The diphoton decays are given by
Only charginos run in the loop, so the number of colors N C and the charge of the fermion Q f are both equal to one. The coupling λ A B f f can be inferred from Eq. (A7) using i = j.
. The loop function f (τ ) is given by
For the decays to gluons, the partial width is given by
where τ and f (τ ) have the same meaning as before. The coupling is λ SOO / √ 2 times the rotation angle derived from the gluino mass matrix.
We also provide approximate formulas for loop induced decays into the other electroweak 
with the left-and right-handed couplings
The Z couples to both charginos and the neutralinos separately:
with the couplings given by
Unique left-and right-handed couplings greatly complicate the computation of the matrix element for the decay of A B → V V , including the presence of intermediate divergences that
cancel when all diagrams have been summed over. However, if the couplings are vectorlike, the expressions are finite at each step leading to significant simplifications. In the regions of parameter space which are interesting for generating the observed excess, the difference of the left-and right-handed couplings is small. In our calculations, we assume vectorlike couplings chosen to be the average strength of the left-and right-handed pieces.
The matrix element for a given diagram in this approximation is then given by
with ∆ defined as
(1 − z − y) + m 
The final momentums p 1 and p 2 depend on the masses of the final state vectors. Finally, this leads to the partial widths for the vector bosons. For γ Z,
The Z Z decays have contributions from both the charginos and the neutralinos: 
